It is known that parathyroid hormone (PTH) activates the cyclic AMP (cAMP) signalling pathway in osteoblasts. In recent years it has been suggested that an elevation of the intracellular free Ca2+ concentration ([Ca2+] 
INTRODUCTION
Parathyroid hormone (PTH) is one of the main hormones which regulates osteoblast function. Binding of PTH to its cell surface receptor on osteoblasts stimulates adenylate cyclase activity and accumulation of cyclic AMP (cAMP), indicating that cAMP is a major signalling pathway activated by PTH in osteoblasts [1, 2] . There is, however, evidence that the cAMP signalling pathway may not account for all of the effects of PTH on osteoblast function [3] . In the past few years it has been suggested that an increase in the cytosolic free Ca2+ concentration ([Ca2+] ,) is an additional signalling pathway by which PTH regulates osteoblast function [4] [5] [6] [7] [8] [9] . However, reports on the effects of PTH on [Ca2'], are conflicting [4] [5] [6] [7] [8] [9] . Some workers have found an increase in [Ca2'], in response to PTH [4] [5] [6] [7] [8] ,
whereas others could not demonstrate any PTH-induced changes in [Ca2+1] [9] . All of the measurements were made in populations of various normal and transformed ostpoblast-like cells which were either loaded with fluorescent dyes such as quin2, indo-1 and fura-2, or scrape-loaded with the photoprotein aequorin.
Failure to find any [Ca2+] i response to PTH has been suggested to be due to the quin2 method used [8, 9] . However, other explanations, such as the existence of a second, Ca2+-mobilizing PTH receptor which is not present on all cell types, could also account for the different results [4] . Here we address the involvement of [Ca2+] i in the regulation of osteoblast function by PTH using ROS 17/2.8 cells, which are known to possess a large number of PTH receptors [10] , and for the first time using normal human osteoblasts. [Ca2+] , was measured in single cells and in cell suspensions. Single cells were injected with the photoprotein aequorin as previously reported for a number of other cells [11] [12] [13] , and suspensions of cells were loaded with the improved fluorescent dye fura-2. prepared in medium as described above and microinjected with aequorin using the protocol described previously [13, 18, 19] . After the injection cells were incubated for various times ranging from 30 min to 20 h before data were collected as described in detail elsewhere [13, 18, 19] . The perfusion medium during the experiment was Ham's F12/DMEM (1:1, v/v) containing BSA (0.1 %). All substances used were added to the perfusion medium. Data were analysed as described [18, 19] (Fig. 2a) (1/tM) in ROS 17/2.8 cells (Fig. 2b) .
MATERIALS AND METHODS
[Ca2+1i in fura-2-loaded ROS 17 (n = 9). This is of similar magnitude to that in single aequorininjected ROS 17/2.8 cells. As shown in Fig. 3, hPTH-(1-38) (1-300 nM) did not cause an immediate change in [Ca2+]i (n = 9).
However, several minutes after the addition of hPTH-(1-38) (100 nM), the fluorescence signal began to rise (Fig. 3b) (n = 6) above the resting value after 10 min. A similar rise was observed when medium was added (169 +93 nM; n = 4; Fig. 3c ). To further confirm that this increase was due to dye leaking from the cells, leakage of fura-2 at 37°C was determined and found to be approx. 15o% of total fura-2 in the cuvette after 10 min.
Leakage of this order can fully account for the observed increase Vol. 274 (Fig. 3a) . This increase was transient and decayed to a new elevated steady-state value (Fig.   3a) . The ionomycin (1 4uM (Fig. 4) (Fig.   4) . [8] . It was suggested that the lack of response to PTH in quin2-loaded ROS 17/2.8 cells might be due to a high intracellular Ca2+-buffering capacity introduced by quin2 loading [8, 9] . However, this appears unlikely, since in other systems of homogeneous cell suspensions loaded with quin2 large increases in [Ca2+1] buffering by fura-2 does not appear to account for the lack of effect of PTH on [Ca2+1] in fura-2-loaded cells. Furthermore, the concentrations of fura-2/AM used were the same as or lower than those used by others who found an increase in [Ca2+] in response to PTH stimulation in other osteoblast-like cells [5, 6] . The late increase in the fluorescence signal that we observed several minutes after the addition of PTH was most likely due to fura-2 leaking out of the cells. A similar late increase in signal was also observed in controls, and the leakage of fura-2 measured under experimental conditions could fully account for this rise. Single ROS 17/2.8 cells were microinjected with aequorin using protocols which have been applied successfully in a number of other cell types [11] [12] [13] 19] [9] but in contrast with those of Donahue et al. [8] . This observed variability of results could be due either to a 'phenotypic drift' of cell cultures or to the variation in the culture conditions used in the different studies [8, 9] . [29] , and Ca2+ channels have been found on osteoblast-like cells [30] . The characteristics of the Ca2+ channels described on osteoblast-like cells were different from those reported for other cell types [31, 32] 
